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COMPLETE SPECmCATION 
Process for polymerizing lower olefines in a continuous manner. 



Wc, Farbwerke Hoechst Aktiengesells- 
CHAFT vonnals Meister Lucius & Briining, a 
body corporate recognised under German law, 
of Frankfurt (M)-Hoechst, Germany, do 

5 hereby declare the invention, for which we 
pray that a patent may be granted to us, and the 
method by whicli it is to be performed, to be 
particularly described in and by the foUowing 
statement: — 

10 Proposals have been made concerning the 
preparation of high molecular polyethylene 
by polymeriang e&ylene in the presence of a 
polymerization catalyst at atmospheric pressure 
or slightly above atmospheric pressure. Mix- 

15 tures of an aluminium-trialkyl compound with 
a salt of titaziium, zirconium, hafnium, vana- 
dium, niobium, tantalum, duomhim, moly- 
bdenum, tungsten,, thorium or uranium are 
rf rnynTTi pfi dfid as polymerization catalysts. The 

20 aluminium-trialkyl may be wholly or partially 
replaced by a compound of the genend 
formula RAIX2, in which R is hydrogen or 
a hydrocarbon radical and X is a halogen or a 
hydrocarbon radical, each hydrocarbon ra<fical 

25 having up to 8 carbon atoms. Dialkyl or mono- 
aUyl halides are preferably used for this 
purpose. The exact composition of the poly- 
merization activator is not known. Probably 
the metal salt undergoes reduction when it 

30 comes into contact with the aluminium 
compound. 

By using different combinations of organo- 
aluminium compounds with the salts of the 
aforesaid' metals, it is possible to prepare 

35 catalyst systems having different activities, and 
it is advantageous to select for the polymeri* 
zation of lower olefines with two or three carbon 
atoms, combinations which, on the one hand, 
ensure a favourable space time yield and, on the 

40odier, yield polymers having the dedred 



technological properties. For example, by the 
use of the system titanium tetradiloride- 
aluminiimi-cthyl sesquichloride (Ti CI4/AI 
(C2H5)i.5Cli.5) in a batchwise polymerization 
process (tank) for polymerizing ethylene, 
satisfactory space-time yields are obtained and 
the polymer satisfies the technological require- 
ments. In the said polymerization process 
using titanium tetrachloride, which is reduced 
by the aluminium-ethyl sesquichloride, the 
space-time yield is about 40-50 kg. per cubic 
metre per hour. 

As a measure of the molecular weight of the 
polyethylene, the value ft spec/c determined in 
tetrahydronaphthalene at 120*C. is 2 to 6. The 
polymerization may be conducted in an 
aliphatic hydrocarbon, for example, an define- 
free petroleum distillate fraction, or in an 
aromatic hydrocarbon, for example, toluene or 
xylene, or in an alicydic hydrocarbon, as dis- 
persion medium. The polymerization is carried 
out at 40-60^C., and in the case of small 
polymerization vessels, this temperature is 
established and maintained by means of a 
cooling jacket (heating jacket) that surrounds 
the reaction vessel. 

In carrying out the polymerization by the 
batchwise process (Tank) the size of the reac- 
tion vessel is limited, on the one hand, because 
of the difficulty of removing heat of reaction 
from the thidc mass of polymerization slurry 
in a lurge vessel and, on me other, because the 
introduction and distribution of the gaseous 
monomer become increasingly difficult as the 
polymerization proceeds, due to the lowering 75 
of the phase ratio of organic medium to poly- 
merisate. Attempts have been made to over- 
come these difficulties by providing special 
cooling means in the form of tube-shaped cool- 
in** circuits that extend outside the reaction 
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Tessd. However, the polymeraatum proc^ 
^Sited into this cooling system and &e 
K became rapidly clogged wrA J^d 
oolTOier. It is also impracucal to incorporate 
5 teSng system in the polymemation vtssd. 
forXs it difficult or unpossAlc to 

THMve the thick polymer slurry m a form free 
^'Sue. An'^al coolmg jad^ 
«pable of removing the heat of poWnabon 
10 fcSm Ae reaction 4ssel is effective only «P » 
J^Stain tank capacity, due to the ^ct th«td« 
ra^ofcooling siirface to tank volume becomo 
S,Si^le. Intense ooo^^Syi^^'^^ 
^Img brine results in fon^uon of a d^o^ 
I5OT thi cooled Avail and the polymematxon 
rapidly ceases at the highly . 

The present invention is based on the ob- 
servati<m that lower olefines with txvo or three 
S atoms. i.e. ethyl«»e or oropytoe or 
20 mixtures of ethylene and propylene, can be 
^Szcd in a continuous manner at atmos- 
ffl^^re or slightly nused pr«su.* np 
^0 30 atmospheres gauge at temperature 
Utween +20»fc. and lOO'C, by con muously 
2sSSnJ in a closed cycUc undirecuon^ 
^XKaction system an orgamc ined,um 
containing at least one nionomer a 
imount of a two-a»mponent catalyst 
. 3iconsistingofasalt of an dement ofdie 
30 KS»s IVA: VA or VI a of tl« Perwdic 
' T^Td an organic aluminium compound. 
iTL process of this invention th^P<>iW 
Stion .Stalyst and the monomer «n^du« J 
tate the cyie continuously or Pfnodicalty. ^d 
35*" res^g polymer dispersion « contm- 
iiouslv ifitiidrawn from the cycle, 

SoS^e methods known for polymenzmg 
etSKnder high pressure 
n^de catalyst, there are some m whidi the 
40?Kc^ «eP«cedin acontinuous manner 
S?Cduciig the gaseous monomer and 
admled witR the reaction medium 
!^^„sly into a system of long wpes and 
^KSy and continuously ^viAdmmig 
45 S^^pdS^r ^formed. In contrad«tinction 
SLJtoXe orocess of the present mvention is 
2S'<S iST^ed cyde^wiA the use of^e 
CTstem mentioned in the openmg part 
rf^Station. wherd.y it is possible to 
SOW.* ^out the application. of p^«re or 
under sUghtly superatmosphenc pr^re, 

to the p«4ess of this invention it is of ad- 
va^ge tS use a cydic system « which Ae 
^^Sttiation medium is drculated at » speed 
55 5f iSo^^ per second by m^ns of a h^h 
!n^ «mttifuijdpump. A suitable apparatus 
^^5^o?iplcin^e-om^y^ 
inirdranine. In a cydic pipe systan 1, wmcn 
bl^d^with cooLg jadu^ts 2. (the m.0 of 
60 Aicross-sectional area to the length of Ae pipe 
Tvithin Avide limie, for e^l« 
MO to 1:10.000, and is preferably 1 : 200). 

esS^ in adimcture with organic medium. 



The mixture of the catalyst wmbination and 
„r«ntemedium is introduced at a wntrolled 
Jafb?a7Son pump at 4.. The catalyst c«^ 
Snarion iay be performed in a reactor and 
iSucS^ r the components rcqmrwi to 70 
foSlTSle imbination may be introduced 
nSudly, so tliat the catdystcombmjjan 
is formed in the polymerization cydc or shoray 
^mSS^'iomer is forced into die cyde 75 
at 5 iSiately in advice of the centnfu^ 
pumTTAc amount introduced bei^^n- 
SS by means of a gas meter or ^^^l 
The oolLcr dispersion and the residual gas 

of the cvde through a pipe 6. and degassing 
SiS pSm the i^pe 6 and the gas is «peUed 
The dispersion passes into a receiver 8. 
wWdi it is xvithdraAvn for further treat- 
S^t. nSe residual gas «.«tumed to Ae 85 
5Se by way of pipe 9, or it may be blown 

"*The residence time of the reaction nuxture 
fai the cyde depends on the volume of die 
SdTanffithemixtureofcatdystandor^^^^ 90 

Snm introduced, and may be, for «»«PP^; 
from 1 to 10 hours. The rauo of polymer 
to winic medhim, whidi may vanr from 
^ 2 tol- 20. depends on the amount of mono- 

L«1nw>duced into the organic medium 95 
^uSrtto" The desired, polymenzauon 

^S.p'^ture, -Wch -»Xo?^■J^8^P' ; 
within the range of +M°C. to +80^ " 
mintaincd by means of the coolmg or heating 

'^fl\n<^m that in carrying out chemical 
reactions with the use of catalysts, it is 
nSary. when the itactants are moved .U a 
S^l^cd. to use a «talyst of whidi the 
activity is suffidently higji. . *" 

^refore. in carrying out the proc^ of^ 
invention, caie should, of course, be tttea 
to^Sst the speed of drculation 0^»r aamplc. 
Tnm^3 to 10 metrw/sec) and the wid^- 
iSLi nf nohrmer dispersion from the <ycle 110 
f^i'SS activity of tl^taly^ 
miS. In the case of a catalyst system of 
tow a«^vity. it is advantageous not to movcdie 
STcdw^ iSturetoo «pidly through Aeq^ 
smd it is sometimes adAnmtageous to introduce, 115 
^ a^y dS^S point of the cyde^mponents 
wHch will reactivate &e catalyst sy^emv^ 

As stated above, there are many possible 
co^^iSnsof meksalts. e,g. of thetT«^ 
Swm with organo-aluminium compoim^l20 
%om whidi ca^ be prepared an actna«r 
S^tem having an activity suited to the poW- 
Serization sj^cm. Thus, in the case of ^e 
Sove descnW rapidly moving cyfiojolf- 
merization system, the combination <^^^^ »25 
"SoridT^th.an alunmuum-ttwM g« 

example, in a ratio <rf 1 : 0.1 w 1 • 
suitable activator qrstem y*ich P«»s«»» 
asuffidentlyhighacthdtyandleacbtopolj^M^ 
Lving nudecular wdghts withm the range 130 
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auitable for technical application. 

The process of this invention constitutes a 
considerable improvement in the technique of 
polymerization. The resulting polymers are 
5 obtained "with great imiformity f reaction and 
molecular weight, and the space-time yields 
exceed those obtained by the batdiwise 
method of polymerization. 
The following Escample illustrates the in- 
10 vention: 

25 millUitres per minute of a solution of 
10 millimob of titanium tetrachloride per litre 
and IS millimols of altmiinium-trie&yl per 
litre, both compounds being dissolved in an 

15 olefine-free petroleum distilkte fraction boil- 
ing at 200*220"C., were introduced by means 
of an accurately working piston pump into a 
a cyclic pipe of 3 litres capacity. Before 
entering the dosed cycle the two catalyst 

20 components and the solvent were mixed 
together in a pipe the length of which was 
such that the residence time of the catalyst 
formed was about 2 minutes. As soon as the 
cyclic pipe, from which the air had been dis- 

25 placed by dry nitrogen before the beginning 
of the experiment, was £Ued, a centrifugal 
pump, which was inserted in the cyclic pipe, was 
operated so as to circulate the reaction medium 
at a speed of 7.5 metres per second. The 

30 polymerisation temperature was regulated by 
means of a heating jacket, which surrounded 
the polymerisation cycle and through which 
water at 50*C flowed in order to matntain 
temperature in the reaction tube. As soon 

35 as the cyclic tubular reaction system was filled 
220 litres of ethylene were introduced per 
hour. The polymerization wfaidi took place 
under atmospheric pressure, set in im- 
mediately and the polymer dispeision passed 

40 from the overflow into a receiver, from which 
it was withdrawn. The polymer dispersion 
was woiked up in Uie usual manner by filter- 



ing off the polymer and washing the latter 
with acid and alkali and drying it. The 
conversion was 100%. The polymer had a 45 
viscosity of spcc/c «= 3.2, The ratio of 
polymer to rganic medium may be reduced, 
If desired, to the limit of pumpability by 
increasing the amount of ethylene introducecL 
WHAT WE CLAIM IS: 50 

1. In the process for polymerizing or 
copolymerizing lower olefines with two to 
three carbon atoms by contacting an organic 
medium containing at least one monomer with 

a catalytic amount of a two-component 55 
catalyst system which consists of a salt of an 
element of the sub-groups IV-A, V-A or 
VI-A of the Periodic Table and an organic 
aluminium compound, the improvement which 
comprises continuously circulating the mix- 60 
ture of at least one monomeri the catalyst 
and the organic medium in a closed cyclic 
unidirectioxui tubular reaction system as 
described herein, at atmospheric or slightly 
raised pressure up to 30 atmospheres gauge, at 65 
temjjeratures between +20*C. and lOO^'C. and 
continuously withdrawing the resulting poly- 
mer dispersion from said system. 

2. A process as claimed in Claim!, wherein 
ethylene is polymerized. 70 

3. Aprocess as claimed in Claim 1, wherein 
propylene is polymerized. 

4. A process as claimed in Claim 1 , wherein 
a mucture of ethylene and propylene is poly- 
merized. 75 

5. A process for polymerizing a lower 
olefine, conducted substantially as described 
in the Example herein. 

6. Folyoleiines whenever made by the pro- 
cess claimed in any one of Claims 1-5. 80 

ABEL & IMRAY 
Agents for the Applicants, 
Quality House, Quality Court, Chancery Lane, 
London W.C.2. 



Pxinted foe Her Majesty's Stationery Offii 
Publithed at Ths Patent Office, 25, Southampton Bi 



by J. H. Iceman Ltd., Neston. WinaL— 1960 

London, W.C.2, from which copies may be obtained 



THIS PAGE BLANK 



I !SS^ COMPLETE SPECinCAtlON 
ancci xfc,, ^^^^ ^ rep/oductiM of 




